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Background Myocarditis is a known cause of sudden cardiac death of the athlete. The impact of direct chest trauma in at-risk sports or
activities in patients with a history of myocarditis has never been demonstrated or studied. We report herein two cases
of life-threatening ventricular arrhythmia secondary to non-penetrating blunt chest trauma while playing contact sports.

Case summary  The first patient, a 26-year-old man described a brief loss of consciousness after having received blunt impact to
the chest (typical intensity) while playing a rugby match. The loss of consciousness was total and proceeded by
rapid and regular palpitations. He had a history of viral myocarditis 10years prior with a fibrotic sequalae in the
inferolateral wall on cardiac magnetic resonance imaging (left ventricular ejection fraction 71%). Right apical ven-
tricular pacing induced a sustained monomorphic ventricular tachycardia reproducing the patient’s symptoms. A
subcutaneous implantable cardioverter-defibrillator was implanted. The second patient is a 22-year-old professional
rugby player with no known notable history. During a match, a direct blow to the chest wall was followed by a car-
diac arrest. A ventricular fibrillation was cardioverted to pulseless electrical activity. Patient died despite cardiopul-
monary resuscitation. An autopsy identified a myocardial sequela of fibrosis with no acute inflammatory remodel-
ling compatible with a previous myocarditis.

Discussion Myocarditis may increase the risk of life-threatening ventricular arrhythmias caused by blunt impact to the chest,
particularly in contact sports. Screening and prevention measures should be considered to reduce this risk.
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Learning points

® Myocarditis may increase the risk of life-threatening arrhythmia related to chest blunt trauma.
® A dedicated somatic assessment and protection measure aims to reduce chest contact should be considered in sports at risk.

* Corresponding author. Tel: +33 473 751 410, Fax: +33 473 754 730, Email: reschalier@chu-clermontferrand.fr

Handling Editor: Sabiha Gati

Peer-reviewers: David Niederseer and Danny van de Sande

Compliance Editor: Max Sayers

Supplementary Material Editor: Vassilios Parisis Memtsas

© The Author(s) 2021. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com


https://orcid.org/0000-0002-7452-315X
https://orcid.org/0000-0003-4790-3533
https://orcid.org/0000-0001-6625-5178
https://academic.oup.com/ehjcr/pages/podcast
http://creativecommons.org/licenses/by-nc/4.0/

G. Massoullié et al.

Introduction

Myocarditis, predominantly in its acute phase but also in its chronic
form due to sequelae, is a known cause of sudden cardiac death
(SCD) in athletes (5-25%)."* Symptoms of acute myocarditis are
variable: from silent inflammatory response to non-specific viral syn-
drome, chest pain, dyspnoea, or ventricular arrhythmia and SCD.
The condition may be difficult to diagnose; myocarditis can go undiag-
nosed, in particular, in elite athletes who seem to have an increased
risk of viral infection susceptible to viral infections.” They cumulate
risk factor increasing exposure to pathogen (international events and
worldwide travelling) and factors that may impair immune system
(sleep deprivation, extreme environment, high intensity exertion, or
training). Biological tests (e.g. ultra-sensitive troponin) and cardiac
magnetic resonance imaging (MRI) are central to the diagnosis of
myocarditis,® increasing the number and accuracy of diagnoses, as
well as the reliability of a prognosis. However, the long-term risk of
life-threatening ventricular arrhythmias (LTVA) is poorly understood.
Subsequent events may occur long after the initial episode.7
Furthermore, the incidence of ventricular arrhythmia during contact
sports in patients with a history of myocarditis has not been demon-
strated or studied.

We report here on two cases of syncope, in one instance followed
by SCD, secondary to a non-penetrating blunt chest trauma during
sports activity (rugby) in patients with sequelae of myocarditis.

Timeline

during follow-up, the patient reported no symptoms, and an exercise
stress test was normal (absence of ischaemia or LTVA). Cardiac MRI
performed 11 months after the acute episode revealed a fibrotic scar
in the inferolateral wall along with myocardial wall thinning and nor-
mal left ventricular ejection fraction (LVEF) (71%). As recom-
mended,g’9 sports were contraindicated for 6 months following the
acute myocarditis event, after which he was able to resume competi-
tive sports. The patient was followed annually with clinical, electro-
cardiographic, and trans-thoracic echocardiographic  (TTE)
assessments. There was no recurrence of myocarditis or cardiac
symptoms, and no evidence of arrhythmic events. The patient was
not taking any medication.

The current syncopal episode occurred after the patient received
a tackle with blunt impact (typical intensity) directly on the chest. The
loss of consciousness was total and proceeded by rapid and regular
palpitations. Return to consciousness was rapid without post-ictal
confusion, and no injury was recorded. The patient was evacuated
from the field for medical evaluation. He had been describing similar
symptoms for several years, exclusively upon direct chest wall im-
pact. Because of this history, the patient was admitted to the hospital
emergency unit. Haemodynamics were stable, and the clinical cardio-
vascular and neurological examination was normal. Laboratory test-
ing revealed moderately elevated troponins Ic at 35ng/L (high
sensitive troponin Ic, normal range 0—14 ng/L) and creatine phospho-
kinase 381 U/L (normal 20-200 U/L). The 12-lead electrocardiogram
revealed a normal QT interval (QTc: 442 ms), a repolarization similar
to that previously described (i.e. negative Q waves in the posterior

Age Myocarditis Previous
history symptoms
Case 1 26 2011 Yes, syncope/
palpitations
Case 2 21 Unknown No

death after a chest tackle during a
rugby game

Clinical manifestation

Palpitations and syncope after a chest

tackle during a rugby game

ventricular fibrillation (VF)—sudden

Management

Hospitalization in intensive care unit. Inducible
ventricular tachycardia. Subcutaneous intern-
al cardioverter defibrillator and ventricular
tachycardia (VT) ablation.

Immediate cardiac pulmonary rescucitation
(CPR), no resuscitation. Autopsy demon-
strated a previous myocarditis without other
sudden death explanation.

Case series
Case 1

A 26-year-old man presented brief loss of consciousness while play-
ing a rugby match (semi-professional competitive level).

His medical history was marked by a myocarditis 10years prior
based on (i) an elevation of cardiac enzymes along with electrocar-
diographic changes (diffuse ST-elevation), (i) presence of coxsackie
virus B IgM, and (iii) identification by cardiac MRI (CMR, 1.5 T) of
acute myocarditis on a delayed enhancement sequence of epicardial
hyperintensity lesions in the inferolateral wall. Following anti-
inflammatory therapy (aspirin 1000 mg every 8h for 3 weeks) and

and lateral leads), fragmented QRS in the inferior leads, and left-axis
deviation (-70°) (Figure 1).

A new CMR (1.5 T) was performed (Figure 2) and found to be
superimposable on the previous image, as well as a similar TTE.
Prolonged monitoring of the heart rate did not reveal the presence
of LTVA, ventricular ectopy, or other arrhythmias. An electrophysio-
logical study was carried out (class IC, level C)."° Right apical ven-
tricular pacing induced a sustained monomorphic ventricular
tachycardia (VT) originating from the left ventricular (LV) lateral wall
(212ms, i.e. 283 b.p.m.) and loss of consciousness, reproducing the
patient’s on-field symptoms (Figure 7). Return to sinus rhythm was
achieved with an antitachycardia pacing burst.
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Figure | Confirmation of myocardial fibrosis in both rugby players displaying life-threatening ventricular arrhythmias. (A) Cardiac magnetic reson-
ance imaging (1.5 T) of Case 1 rugby player. The presence of a sequela of myocarditis (arrows) can be observed on the inferolateral wall with myocar-
dial thinning. (B) Macroscopic image after fixation in formalin. Presence of an area of old whitish-coloured fibrosis mainly involving the anterior
ventricular septum, the anterior and lateral aspect of the left ventricle, at the epicardial and myocardial levels.

This young patient was implanted with a subcutaneous implantable
cardioverter-defibrillator (S-ICD)'® and was treated with beta-
blockers (bisoprolol 2.5mg o.d.; heart rhythm at discharge: 39
b.p.m.).° To reduce the burden of arrhythmic events, a VT ablation
with a sub-xyphoidian epicardial approach was performed 1 month
later. Critical VT isthmuses were located within the myocardial scar
tissue (Figure 2). During follow-up, the patient remained asymptomat-
ic with no VT recurrence recordings in S-ICD follow-up. Considering
the rugby practice and the risk of chest blunt trauma, he was dis-
suaded from competitive-level playing. Due to patient intolerance
and the absence of inducible VT after ablation and during stress test,
beta-blockers were discontinued.

Case 2

A 21-year-old man, professional rugby player, with no known per-
sonal or family history of cardiovascular diseases and LVTA/SCD pre-
senteda cardiac arrest. During a rugby match, he was tackled with a
direct blow to the chest wall and lost consciousness temporarily but
was able to reach the edge of the field with the help of trainers. In the
locker room, the patient suffered several brief losses of conscious-
ness followed by cardiopulmonary arrest. Upon arrival of the medical
emergency services, the patient was unconscious and gasping for air.
The low-flow period was poorly recognized and deemed to have
lasted a few minutes. The electrocardiogram (ECG) recorded by the
portable defibrillator (Figure 3) revealed ventricular fibrillation.
External cardioversion (one biphasic shock of 300 ]) allowed a return
to agonal rhythm measured at 35 b.p.m. Haemodynamics remained
unstable and despite 47 min of resuscitation, the patient died on site.
An autopsy was performed. Histological study of the heart identified
epicardial and myocardial sequelae of fibrosis in the anterior interven-
tricular septum extending over the anterior, lateral, and lower aspects
of the myocardium with no acute inflammatory remodelling (Figure 2).
This lesion was compatible with a sequela of myocarditis, the age of
which cannot be determined. There was no coronary lesion or dissec-
tion nor valve injury. Left ventricular dimensions and mass were normal

for the age and practice of high-level competitive sport. Moreover, in
the patient’s personal history obtained from his family and general prac-
titioner, no indication of prior myocarditis could be identified. Ten
months earlier, a cardiological assessment (ECG and TTE) had not
found any signs contraindicating the practice of competitive rugby.

Discussion

This report describes the case of two high-performance athletes suf-
fering a non-penetrating blunt chest trauma associated with the oc-
currence of LTVA due to a chronic sequela of myocarditis. In
contrast to the classically described commotio cordis, these two epi-
sodes of ventricular arrhythmias were associated with underlying
myocardial scarring.

Commotio cordis is a rare phenomenon defined by the occurrence
of an LTVA induced by a non-penetrating chest trauma.!! At sufficient
intensity, the shock wave is capable of producing a depolarization of
the myocardial cells primarily via the activation of potassium ATP
channels." Occurring at the peak of the T wave, i.e. an electrically vul-
nerable period of cardiac repolarization, this depolarization can in-
duce a sustained ventricular arrhythmia, often difficult to control and
recurrent.”> The phenomenon can be immediate with a rapid and
complete loss of consciousness, although ~20% of patients are able
to continue their activity for a few seconds'*'* (cf. Case 2). Although
very rare, commotio cordis has been described in sports with chest
blows (baseball, lacrosse, e'cc.).15 Reported cases and series indicate
that the phenomenon affects mostly young athletes. The prevalence
of commotio cordis appears to be higher in the USA than in Europe
(21.6x higher) due to the more common practice of competitive
contact sports among North American youth and also to the absence
of a dedicated registry in Europe.M'16 A recent review of the literature
found only 215 reported cases (160 autopsies performed) of commo-
tio cordis with an estimated incidence of 3—6% of SCD occurring dur-
ing sporting ac‘civity.w'18 However, underreporting is a possibility,
considering the poor survival rates, the circumstances of occurrence,
and the definitions used. The diagnosis is above all one of exclusion,
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Figure 2 Evidence of life-threatening ventricular arrhythmia in a rugby player (Case 1). (A) Twelve-lead electrocardiogram at rest. (B) Twelve-lead
electrocardiogram showing fast ventricular tachycardia (212 ms, i.e. 283 b.p.m.) from the left ventricular inferolateral wall induced during pro-
grammed ventricular pacing (speed rate 50 mmy/s). (C) Epicardial activation map in sinus rhythm showing an inferoapical view of the left ventricle with
late activation of the inferolateral epicardial wall. Bipolar signal with local abnormal activity electrograms are localized within low-voltage areas. (D)
Epicardial bipolar voltage substrate mapping with identification of a large epicardial scar (red).

and the post-SCD aetiological workup, including autopsy, must seek
differential diagnoses even if the circumstances are highly suggestive.
Myocarditis is a cardiac condition most commonly of viral origin.
Due to the diversity of its clinical manifestations, it is difficult to assess
the incidence in the general population. The occurrence of cardiac ar-
rest appears to increase with exertion and in high-performance ath-
letes."” Current consensus dictates that sports activity is
contraindicated for the ensuing 3—6 months following an episode of
m)/ocardi‘cis.1'9 The resumption of training and competitions is
authorized on condition of normal LVEF, negative serum biomarker,
and absence of arrhythmias on exertion and at rest. Demonstration

of persistent abnormal cardiac fibrosis on CMR may be considered as
an additional SCD risk factor without justifying additional
restrictions.”

A review of the literature identified a similar case of a soccer player
who suffered a cardiac arrest secondary to a direct chest wall trauma
and the presence of a sequela of myocarditis.20 This and the present
two cases share similar mechanisms and aetiology. However, the soc-
cer player exhibited mild-biventricular dysfunction and was thus at
increased risk of ventricular arrhythmias.

To date, myocardial scarring has not been associated with an
increased risk of arrhythmia in the event of commotio cordis. The
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Figure 3 Automatic defibrillator recording. Case 2. Ventricular fibrillation (#) recording during cardiac arrest in a professional rugby player after
non-penetrating blunt chest trauma following an effective biphasic 300 ] shock (*). The latter terminated the ventricular fibrillation with return to ago-

nic cardiac rhythm (c0).

factors associated with arrhythmias include type of mechanical stimu-
lus, stimulus intensity, site of impact, and the timing of the impact in
the cardiac cycle (peak of the T wave). Prevention is based on chest-
protection equipment and changes in rules of play of at-risk sports
without a complete elimination of the risk of blunt chest trauma.
Professional athletes may be more exposed than amateurs through
repeated training and the intensity of the contacts. However, given
the nature of the sport, the occurrence is also frequent in non-
professional rugby.?" In both cases presented, chest blows are part of
the game and the intensities were not unusual for experienced play-
ers. The presence of myocarditis may have promoted both the onset
and sustained nature of a ventricular arrhythmia (see Case 2).

Currently, an ECG is required for participation in high-level com-
petitive sports. We believe that certain sports with chest wall impact
should require a thorough and systematic cardiological assessment.
In the USA as in France, the eligibility assessment for the practice of a
high-level sport is not compulsory and depends on each federation.**
Such evaluation is advisable and encompasses a cardiological assess-
ment with at the very least a clinical examination, an ECG, anda TTE
in the event of an abnormality during the previous examinations.
Cardiac MRl is not systematic although it would seem advisable to
broaden the indication. With regard to amateur athletes practicing a
sport with risk of chest blows, the presence of an abnormality on
ECG/TTE’ or a prior cardiovascular history should always lead to a
myocardial CMR. For professional athletes practicing such sports,
cardiac CMR should be systematically performed. The risk of non-
ischaemic myocardial injury, such as myocarditis has increased with
the COVID-19 pandemic,B’25 with 7—40% of patients hospitalized
or admitted to intensive care unit presenting with virus-related acute
myocarditis.23'26 The underlying mechanism of injury has not yet
been identified and high-quality data are not available. Due to the sus-
pected high prevalence of COVID-19 cardiac injury, a specific screen-
ing (serologic test and CMR) should strongly be considered before
the start of the 2020/2021 season.

The history of our two patients suggests that chest contact sports
may share a higher risk of rhythmic complications in cases of

myocardial scarring. Using CMR late gadolinium enhancement map-
ping (LGE), asymptomatic focal myocardial LGE has been identified in
up to 30% of athletes and non-athletes.”” An association with ven-
tricular arrhythmia has not been documented, but subepicardial LV
LGE has been associated with ventricular arrhythmias and appears
not to be a benign condition.”® These lesions are typical of post-
myocardial scarring but may also be associated with non-ischaemic
cardiomyopathies (arrhythmogenic dysplasia). These few data are in-
sufficient to support a recommendation to discontinue competitive
sport based on the mere existence of cardiac fibrosis. However,
practitioners should be alert to the presence of a ventricular LGE
and examine such patients further to determine the aetiology of car-
diac lesions and the arrhythmic risk from scars, which will guide rec-
ommendations on sports activities.

Beyond the somatic assessment, there remains the question of the
risk of death or serious trauma in high-level sports. The recent modi-
fication to harmful high-tackle rules in World Rugby encouraging a
systematic sanction of the referees is aimed at reducing the incidence
of whiplash and concussion.”? It may be insufficient to only penalize
‘high tackle’ (head and neck) since no impact on the risk of LVTA sec-
ondary to chest trauma will be observed. Some federations are cur-
rently testing limiting tackles to below the hips in non-professional
leagues. The present case descriptions may motivate a reflection on
further player protection measures that should not be limited to
rugby. In particular, during the current COVID-19 pandemic, more
studies in larger populations of professional and amateur athletes
should be performed to evaluate the potentially higher risk of LVTA
associated with sequelae of myocarditis. Such data would be neces-
sary to guide modifications of the minimal examination tests and ath-
letics rules.

Conclusion

The occurrence of chest wall trauma during sports activities is fre-
quent and, under very specific conditions, can be associated with
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severe ventricular arrhythmia. A sequela of myocarditis increases the
risk of lethal ventricular arrhythmias following blunt chest trauma.
Further studies and systematic CMR assessments should be per-
formed to evaluate the potentially higher risk of LVTA and the benefit
of and an adaptation of the rules, in terms of health and medico-
economic aspects.
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